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REAL-TIME PROCESSING SYSTEM FOR THE
e NRL REMOTE SENSING EXPERIMENT: PHELPS BANK, JULY, 1982

I. INTRODUCTION
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This report describes a software package which was written for -'zgf
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USNS HAYES cruise, July 1982. The software is a real-time processing
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system which interfaces with the data acquisition software*. On the ".;<
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HAYES cruise, 24 channels of Meteorological, Oceanographic, and ship i
operating parameter data were acquired at a rate of 0.5 Hertz. The real- ]
time processing system facilitated data collection validation, editing,

analysis and reporting. The software system operated successfully over

two eight day periods to fulfill the intended objectives described below: SCEarY

T 1. Perform quality assessment of several data channels and

~
. e
&

flag noisy data.
2. Convert raw data to physical quantities based on instrument

calibrations and physical relationship between the variables.

3. Archive averaged raw data (usually in volts or frequency),
calculate physical quantities, and perform data quality assessments.

4. Provide extreme execution flexibility to allow for accurate
and reliable measurment of dynamic ocean/atmosphere processes. The flex-
ibility includes capability of on-line alteration of processing algo-
rithus, calibration constants, and choice of instruments without inter-
ruption of real-time acquisition and processing.

5. Display in real-time the raw data input, physical quantities,
and measure of data quality.

6. Allow ready access to standardiz;d file formats to enable

convenient and flexible off-line editing and analysis.

*The data acquisition software was designed and written by Dean Clamons, s
Ocean Computer Group (Code 5003), Naval Research Laboratory. A
Manuscript approved July 20, 1983. o} ik
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W 7. Provide generalized processing techniques to permit future

use and modification for tasks of a similar general nature.
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The software is disc resident on HP-1000 RTE VI system M2 in Code e

L
.
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4310, Naval Research Laboratory, Washington, DC 20375.

IO
000

.

'l
st

AR
S
An boda

(e
Lo
.

ii After presenting a basic overview of the data collection and process- ;;~~_}
.
i ing task, this report will describe the real-time processing system from o S

-
T

three perspectives:

| 1. Part III examines the scientific considerations of environ-

‘E mental instrumentation and data collection.

L

h} 2. Part IV promotes a user's understanding including ingtructions
\!

- for system implementation.

3. Part V explains the technical system software design aspects.
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I1. OVERVIEW
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The fundamental components of the real-time data acquisition and W

processing during the HAYES 1982 cruise can be shown as Figure 2.1. e g

i j}::
e
Environment and i:;i;;
Measurement . 'wgq
Real-Time j:":-:
Acquisition Programs Raw Data Archiving ! *’1
User's Real-Time ——
Terminal Processing System " ;,5}
Display el
Output Consisting of "ﬁziti
Data, Calculations and e -
Data Quality Assessment c ;ﬁ!;
Figure 2.1. Fundamental Processes of Data Collection :
e
% ~
Twenty four channels of raw data, read by various instruments both o !ﬁ
aboard ship and in the surrounding water, are collected by the real-time ;ij:¥
ey
acquisition program. Next, the data acquisition programs convert the 3L j
= signals to digital form, archive the raw data and pass the time of day and N ?‘h
i;_ data itself to the processing system. Data processing proceeds according i:;
i}f to guidelines established and maintained by the user. Every minute, data g ”:ﬁ
o P
averages are output to disk and optionally to the user's display. Every 15 T

minutes, data averages, results of physical quantity calculations, and data

quality assessments are output to both disk and hard copy. The user can

examine the output and, if desired, alter the system execution guidelines.
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The new guldelines will be reflected in the next processing cycle. AT,
The guidelines control instrument selection, conversion factors, ; ke

fundamental variables, and data quality assessment alarm levels. ..,
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III. ENVIRONMENTAL MEASUREMENTS

The USNS HAYES, July 1982 cruise was intended to monitor and examine
the Meteorological and Hydrographic environment in shallow water during
radar overflights (see Valenzuela and Chen, 1983). The software described
in this report was concerned with the time series of meteorological and
ship parameter data. A hydrographic data summary appears in Kaiser (1983).

A. Variables Measured
The variables of interest to the experiment were wind speed, wind

direction, air temperature, atmospheric dew point (or some measure of
humidity), water (bucket) temperature and salinity, latitude and longitude.
Table 3.1 lists all the input channels. Wind speed and direction measured
relative to the ship must be converted to true values. To do this the ship
heading(HD), speed (SPEED), and course (COURSE) are needed. Further, the
wind sensors were situated on a mast 22.5 m above the water surface. Ship
roll (ROLL) can add a component of motion to the apparent wind velocity, so
to correct for this, ship roll must be measured. The USNS HAYES is a two
screw variable-pitch-screw ship. The rotation rate (RPM1 and RPM2) and
pitch of each screw (PIl and PI2) was logged. The ship also had a pitot
speed log (PLOG) which was logged. The latitude (LAT) and longitude (LONG)

were logged directly from a Northstar 7000 Loran-C receiver.

To measure these variables several instrument packages were
- deployed on the ship. On the starboard bow 10 m above the water line, two

alr temperature sensors (TAl and TA2), an atmospheric chilled mirror dew

k

}" point sensor (TDPl) and a sulfonated polystyrene ion exchange relative

}:Z: humidity sensor (TDP2) were deployed. On the starboard of the aft platform SruE lf
RS ! -9
n‘_..:. % - s 1
.. ' a wind speed (WS1l) and wind direction (WD1l) sensor was installed. Omn the p— )
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TABLE 3.1. 1INPUT TO PROCESSING SYSTEM S
] Time s '.i
Words Description .':,' =3
0 Hours e
1 Seconds - —
. 2 10's Milliseconds ) 0,
} 3 Years
::. Data et \J
j Words Channel # Channel Description ’f' :;.i
. e
g 0 0 TAl Air Temperature 1 ]
2 1 TDP1 Dew Point 1
) 4 2 TA2 Air Temperature 2
b 6 3 TDP2 Dew Point 2
k= 8 4 WSl Wind Speed 1, Starboard
£ 10 5 WDl Wind Direction, Starboard
b 12 6 WS2 Wind Speed 2, Port
ke 14 7 WD2 Wind Direction 2, Port
£ 16 8 TS Thermosalinograph Temperature
A 18 9 Cs Thermosalinograph Salinity
20 10 TW Water Temperature
22 11 ROLL Ship Roll
24 12 Spare For future use
2€ 13 Spare For future use
28 14 HD Ship Heading
30 15 RPM1 RPM, Starboard Screw
32 16 P11 Pitch, Starboard Screw
34 17 RPM2 RPM, Port Screw
36 18 P12 Pitch, Port Screw
38 19 PLOG Pitot Log
40 20 LAT Latitude
42 21 LONG Longitude
44 22 SPEED Ship Speed
46 23 COURSE Ship Course
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o port side of the same platform WS2 and WD2 were installed. The water temp-

L ST TN BV N o8 ,2 L

erature (TS) and salinity (CS) were measured in an instrument well, mid-

ships, 7 m below the water line. The roll sensor was on the main R

1
14
[} ’

described in Kaiser and Munch, (1983).

5
ﬁ% deck nearly midships. A towed water sensor (TW) was intermittently de-
N

;:R ployed from the port fantail. Ship speed and course were calculated
hl and smoothed over about 2 minutes by the Loran-C receiver and then

;: logged.

Li The specific sensors and their characteristics are

The sensor outputs are as follows: Digital: TS, CS, PLOG,
LAT, LONG, SPEED, COURSE. Frequency: TW. Synchro: HD, PI1, PI2. All
the others are voltages.

B. Processing Overview

The raw data was read once every two seconds. This data was
averaged over 1 minute to eliminate variance due to ship motion (typically
6-12 sec. period). Then various quantities were calculated from these
averages (correlations and variances) and these quantities were averaged

over 15 minutes to minimize the variability of the lower atmospheric

boundary layer. The appropriate boundary layer averaging interval is

E,:' actually determined by the properties of the boundary layer existing during

;:*‘ the measurement. The appropriate averaging period can vary from 100 to :
E "~ 2000 sec.
E Two wind sensors were employed. If the wind was from 0° to -

E- . 180° relative to the ship, WS1 and WDl were entered into the data stream i
ifg’- and 1f the relative wind was from 181° to 359° WS2 and WD2 were entered Pk .4
A |

]

B into the processing. Both sensor outputs were recorded in the 2 second & .'__!i

B I L - -
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data; however, a user option also allowed the selection of only the

starboard or only the port wind system data to be entered into the process- = _;j
k... 20

ing stream. 3 ,:i:
The wind data was corrected for ship roll since the wind -;35

sensors were on a high mast. Then the heading was combined with the LA jii
wind direction. The wind velocity data was combined with the ship ' ;fﬂ
velocity data from the Loran-C to give true wind velocity at 22.5 m. I fg.
This wind velocity was then reduced to 10 m elevation assuming a neutral _,;i_%g
atmosphere. The TWIND module does the correction to true wind at 22.5 m. ’ :té
g i

The dew point 2 (TDP2) sensor actually outputs relative : :j':zi

ot

humidity. This is converted to a vapor pressure and then to dew point éflijia
with the use of SPOLY. The water temperature (TW) sensor signal is a é;};;:j
frequency which was converted to temperature using the manufacturer's }i};:;z
calibration. Details on the calibrations, etc. can be found in Kaiser *-:::¢4ﬁ
L

and Munch, 1983. :;'FJ“ZT
C. Output ::;_t;?

The original data in digital format was stored so that it could
be rerun through the processing module to reproduce or modify any calcu-
lations. However, the data acquisition programs did not merge the Loran-C

data with the raw data and this produced some downstream processing prob-

lems with the 2 sec data set, notably correcting the wind for ship motion.

The raw 2 sec data was wild point edited and then scanned for
noise by comparing a running 60 sec variance to an average "background” ¥!-;;1;
variance. Any noisy records were flagged, and statistics on noise were 3d
compiled for each channel. The user selected the noise threshold for each

channel and this threshold could be changed during execution. :_! = )
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The one minute data, which represents atmospheric conditions

and not ship motion contamination, is useful to examine variability on
short time scales.
The 15 minute output is intended to provide the final

characterization of the environment for all the scientists participating

in the experiment. This output forms the basis for the Metéorological

.

i v

LR

data summary for the July, 1982 experiment (Kaiser and Munch, 1983).

] ." {:.
)

i,
v

All of the system output is described further in Chapter IV and

|
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Appendix A.
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IV. USER'S PERSPECTIVE
é; A. Basic Software Tasks
The real-time processing software consists of a set of sub-
routines, an interactive program, and a common block. The "set of sub-

routines” performs the actual data processing and is controlled by the

calling module SAVGS. The program SALTR allows execution characteristics L

£
of SAVGS to be altered interactively by enabling the user to control exe- :v-.-%

L

cution parameters and critical constants. The program-to-program communi- Cens e
cation between the SAVGS modules and the program SALTR is accomplished via
SBLK which resides in a system common area.

Software functions can be conceptualized by mapping the software
modules onto the Fundamental Data Collection Processes diagrammed in
Figure 2.1, thus establishing the correspondence between necessary processes

and basic software tasks.

Environment and Ship
Measurement Instruments

Real-Time Acquisition
Programs, Raw Data Archiving

User Interaction
Program, SALTR

Real-Time Processing System
SAVGS as controlling module

‘

System Qutput Consisting of
Data, Calculations, and data
Quality Assessment

Figure 4.1. Data Collection Processes and Software Tasks

During real-time operation, the data acquisition program invokes

a call to SAVGS every DT (2.0 for this application) seconds.

s ¢ 08

NI
0
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During each call, the data acquisition program passes SAVGS the time and
24 channels of environmental data. SAVGS, acting as the controlling

subroutine, cails the remainder of the processing subroutines as needed.
During execution, the processing subroutines are in communication with the L

common block SBLK, which contains guidelines of system execution. The

program SALTR is run by the user when any of the system execution guide- 'mi;;

lines need to be altered. The processing subroutines output the data sy

1 “-'.._'-' i

o s STl oo
. e et teeh
®

SO

. in various forms. Control then returns to the data acquisition program. SO
A B. Logical Execution Flow ffsf;
..j.!‘ N -—I‘ _'-<.-
,5;3 The next level of description from that shown in Figure 4.1 ff{j;
% i

relates basic software tasks to the system flow of logical processing ;?;Fﬁ

-
1

and relationship between software elements, Figure 4.2. o
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User St.red S i
Interface Processing Qutput ey
Time and -
24 Data Channels SLETRES
Data S
—»- Acquisition Raw Data el
Programs
B I User #
b Input
B Magnitude
f{:_-f; I Filter
| A : , SAVGS
e 4 Common Block | +
S Altering Prog.
| 3% SALTR WS, IND
;J ! Converted to
B » = Physical Units
e Common Block I‘ | ‘l Background
F SBLK = _{I Variance
o g Average Data Violation File
N Over 1 Minute
F;‘.‘-: Check Background
ey Variances
e SAVGl, SCANF 1 Minute
i3 Averages Raw
5. Data File
bcs. Average Data 15 Min. Raw Data
M Over 15 Minutes 15 Min. Calculations
t g Calculate 15 Min. Variance
b Parameters Violation Data
B SAVGS SMINS
e
F‘-“ 15 Minute
B Printout
P.
\ ----> Program to Program Communication cEining
Figure 4.2. System Flow of Logical Processing !_“,_L;&
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In Figure 4.2, the data averaging functions, data quality assessment tasks,
environmental calculations and output are identified. After having
archived the time and 24 channels of 2 second raw data onto magnetic tape,
the data acquisition programs pass the time and raw data to the processing
set of modules, specifically SAVGS. 1In SAVGS, the data is scanned for
extreme wild points and, if necessary, corrected with a magnitude filter
The data is corrected only to the point that ensures continued program
executiott. Any corrected data is flagged as it passes through the software.
Next, a portion of the raw data is coanverted to physical units, using the
System Execution Parameters, to allow for physical unit averaging. These
System Execution Parameters, which reside in the common block, SBIK,
dictate which algorithms are used to calculate the physical units, the
channels to be used in the calculations and the instrument calibrations.
These are discussed later in the System Execution Parameters portion of
this section.

One minute raw data averages and physical unit averages are
formed. The time and 24 channels of raw data are written and filed in
SMIN1l. Also, using the one minute raw data averages, data quality
assessment is implemented by running background variance checks. The
running background variance algorithm is outlined later in this section.
If the variance calculations show abnormal results, a record containing
the time of the "violation™ and the channel where the violation occurred
is written to file SMINSV.

Fifteen minute raw data averages and physical unit averages are
formed.

These 15 minute averages are used to derive physical quantities

reflecting environmental processes. Data quality assessment is also
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produced which includes the 15 minute total number of background variances :'f".:
and the cumulative number of variance violations occurring in each data
channel. The 15 minute averages, calculated physical quantities, data
quality assessment results, and the System Execution Parameters in effect
at the end of the 15 minute interval are output to disk into file SMINS,
and hardcopy. The hardcopy 15 minute summary appears in Figure B.l.
Descriptions of the disk files are detailed later in this chapter in the

System Output section.
1. System Execution Parameters

The System Execution Parameters, which reside in the common block,

8 © 8 SUHOTA s o — NSRS ACKLALASTSUAGHE ~ — S5

SBLK, control execution of the real time processing subroutines and are

v v
.

set and altered by use of the interactive program, SALTR. During normal

TIYTTT
L .

operation all parameters have to be set before SAVGS begins execution.

Then, anytime after the real-time processing subroutines begin execution,

R £

SALTR can be run interactively to alter the parameters.

Three types of parameters can be controlled:

a. Two flags to indicate whether 2 second or 1 minute averages

of raw data should be monitored by dumping data to the user's display

:

screen (CRT).

T

b. Values called background variance thresholds which govern the

T eV R
IS B B

level of deviation allowed to be identified in the 19 non-navigation data

P77
'

|2
u channels. If the threshold value for a channel is set low, there will
& probably be greater incidence of threshold variance flags generated. y
b -
- c. Eight final individual parameters can be viewed in two b 5
b oty
h different classes. The first four control which channels or procedures to Sl
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use during real-time processing. The second four are actual values

involved in processing the data.

Choice or
Parameter Default
1) TA/TDP Use channel 1 or 2? 1S ar 2
2) Make roll correction to wind? (0-No, 1-Yes) Oor 1l
3) Make ship correction to wind? (0-No, 1l-Yes) Oorl
4) Choose WS1 to use for wind calculation? 1
WS2 to use for wind calculation? 2
WS1 and WS2 *for wind calculation? 3
5) PA Atmospheric pressure in millibars 1015.0
6) HT Height of air temperature, dewpoint, 10.0
and relative huﬁidity sensors above
DWL (dead water line) in meters
7) HW Height of anemometers above DWL in meters 22.5
8) DT Time interval in seconds between cycles 2.0

or scans of data channels

2. Background Variance Procedure
A running background variance check was implemented on 20 of the 24
data channels. In the check, a 30-point (60 sec) running background
variance was divided by the long term variance for the channel and the
5' ratio is then compared to a threshold. If the threshold is exceeded, the
v- channel is identified as noisy and a record of the violation is written to

disk (Refer to Figure A.2 for record format.) The thresholds are

innitially set by the user and can be altered at any time by using the :}:

*The wind direction dictates which sensor to use as described in III.B. RO RN
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program SALIR to independently modify each of the data channel thresholds. SR

e s
.

Total violations for every 15 minutes are recorded on disk and appear on

~

-
. ]

[
1 e
bl
B B b A

the 15 minute data summary hardcopy (which is essentially the same as

o )

A oa o Pl

: .
a0

wl
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Figure B.l). The current background variance and thresholds for each

"','f e

channel also appear on the printout.

The algorithm to perform the variance check was to be executed on

each of the 20 channels of data. Thus, in actuality, during each
1 minute variance check, 20 variance ratios are calculated and compared PEOOLES
with 20 independent threshold values and if necessary, the running back- SHC R

ground variance must be updated. For the first one hundred minutes the

background variance is assumed to be a simple average of the variance.
The algorithm to perform the variance check on only one channel is out-
lined below.

The running variance

30

Vs =1 z (Xi J_X)Z, Xi = 2 gecond data value.
30 i=1

For N < 100, the background variance

l §
Vy = v .
B S
N j=1

where N is the number of minutes (sets of 30 data points).

For N » 100, Vg is calculated as follows (T is an operator chosen noise
threshold):
' & y
If V: <T, Vg .99 Vg + .01 Vgi

else Vg =Vg, v=v+ 1.
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C. System Output ﬁ’:;ii
Table 4.1 summarizes the output available to the user. S. N J
Table 4.1. System Output .:"_r;
Disk Files
SMIN1 - contains time and 1 minute averages of raw data é:;fié
SMINSV - contains 1 minute data concerning data variance t g ,.:
SMIN5 - contains 15 minute averages of raw data, physical data, .
calculated data and variance data
Hardcopy
15 minute printout, same content as SMINS
Tape 2 second raw data

Optional user real-time display (controlled by setting System Execution
Parameters):

Time and 2 sec raw data

Time and 1 min averaged raw data

Data formats for disk files SMIN1, SMINSV, SMINS5 appear in Appendix A.
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D. Operating the Real-Time Processing System
1. Enable the data acquisition programs.* The major programs
are RDSEN, RDN7K, and STN7X.
2. Compile all source codes for the modules listed below, then

run the loader using the following instructions:

BGRC

RE, ZSENSE

RE, ZSBLK
RE, %SAVGS
RE, ZSFILE
RE, ZSRAW
RE, ZSAVG1
RE, ZSCANF
RE, %ZSAVGS
RE, ZTWIND
RE, ZSPOLY
EN

3. Compile and then load the parameter alteration program SALTR:

RE, ZSALTR L
EN ‘t——e;!%
J

4. Run SALTR and fill in values for all System Execution

Parameters by following the menu instructions.

Terminate SALTR at any point after entering desired data. i --.—J

: ]

T

L -_.:J

4 *This is done by interfacing with NRL Code 5003, Shipboard Computer .® -@
'_‘! Applications Group bt =

k ]

h_' .

f
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5. Start Data Processing Program ([RU,] SENSE).

NOTE: Make sure tape drives (LU-8 and 9 usually) and the

-
.

i printer are on line. 'fii}i
?t While the system is running, SALTR can be run anytime to ;-&?35
5' change the System Execution Parameter as necessary. :‘%;i
6. To stop data processing process, break the Data Acquisition o .£

Program (BR, SENSE). ;_t?

NOTE: All file management is automatically performed as : ‘;é;

long as space remains on specified cartridge in Ff}ﬁii

SFILE. Approximately 50 hours of 1 minute data can ;.i3};

be stored on one 200 track cartridge. About 50 hours

of 2 sec data can be stored on one 10"-800 bpi tape.
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V. SYSTEM DESIGN

A. Module Calling Scheme

@

A top-down modular design approach was implemented in order to facili-
tate overall task conceptualization, scientific/software functional i
et
relationships, and the necessity to f£ill in software details (such as e
“‘l.
polynomial instrument calibration equations) as they became available. A - '?
hierarchical tree structure having three well-defined levels was envisioned .hﬂ
as depicted in Figure 5.1. pend
-
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Figure 5.1. Hierarchical Module Calling Scheme

Individual module functions in the module calling scheme are
described in the following section. Critical tasks such as process syn-

chronization, dynamic algorithm selection and mathematical calculations

involving possibly undefined results were first tested in a bottom-up
fashion before integration with the top-down design structure to eliminate

the possibility of a real-time operation problem. Finally, before field

p_-®

operation, the entire real-time processing system, as shown in Figure 5.2, =

N

was simulated using quality and degenerative test data. RSASAR I

ey

System design began in the beginning of June, 1982 and was ]

| S, X

J completed in July 1982 aboard ship. - -"
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B. Module Description

] The modules used in the system are described below:

SAVGS functions as the main subroutine, or calling subroutine. It also

- r
O il

implements a magnitude filter 6n 19 channels of non-navigation

e 8

)

data. The magnitude filter clips data based on preset maximum

and mianimum values for each channel.

O

i
s
&

SFILE creates and opens output files SMIN1, SMINS, and SMINSV on disk.

SRAW operates on raw data using guidelines from the System Execution
Parameters (see Section IV.B.l) and acccumulates 2 second data. If

requested, using SALTR, raw data can be dumped to user's CRT.

SAVGl operates on 1 minute averaged data, writes 1 minute averages out to
disk, and forms quantities to be used in the 15 minute calculations.
If requested, using SALTR, one minute data can be dumped to the
user's CRT. A running background variance check is implemented in
SAVGl to catch “"noisy” averaged data. One minute variances are cal-
culated for selected channels and if this exceeds the background

variance by a predetermined factor, then SCANF is called.

SAVG5 operates on 15 minute averaged data to calculate 15 minute para-
meters. Results of calculations, data averaging, and background
variance data are output to disk. A printout is produced summar-

izing data collection and analyzed results for the prior 15 minutes.

TWIND calculates the true wind direction. It inputs wind speed and

direction, ship speed, course, and heading.
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- SPOLY calculates the polynomial E(t) and T(e). E(t) is the saturation
vapor pressure of air over water in millibars at temperature t.
T(e) is the temperature in degrees celsius at which the atmosphere

is saturated over water at the vapor pressure e in millibars.
SCANF writes out variance violations to disk and to the user's CRT.

SBLK is the common block. Extensive use of named common 1is used to
facilitate modularity. During original use, SBLK was placed in
Reverse Common as the real-time processing system was implemented

as a large background program.

SALTR 1is the interactive program which modifies the common block, SBLK.
Ultimately SALTR controls algorithm selection and other parameters

in the SAVGS group of modules.
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